Conventional approaches to knowledge acquisition take it for granted that as a result of the investigation an expert system will be developed. The methods used therefore focus on the knowledge that will be used in these systems. This paper argues, however, that the issues of the knowledge used in organisational problem solving need to be seen in a wider context than this, and that the agenda for knowledge acquisition should be widened to incorporate this full context. The extent to which the methods used for knowledge acquisition can be more broadly useful for organisational problem solving without creating an expert system is explained. The implications of this view are discussed and a number of practical suggestions are made.
Introduction
Organisations today are increasingly relying for their performance upon the collective and individual knowledge of their members, particularly as they face conditions of global competition and an increasingly important struggle for innovation, in the rapidly changing environments in which they are asked to operate (Porter 1990) . In order to meet successfully the challenges created by this situation, organisations recognise the activities of their workers as being knowledge intensive tasks, i.e. activities that are carried out on the basis of creative and flexible use of knowledge about the situations they face. Important knowledge will exist at the level of the individual group, function or division. Knowledge in particular does not reside in any one individual. `Knowledge' in an organisation is the collection of experience, skills, talents and information that each individual has and utilises and shares when he or she is at work.
The recognition of knowledge as an important asset of an organisation has highlighted the benefits that can accrue by supporting the knowledge processes of the workers in organisations. In this situation, which some interpret as the emergence of the `knowledge organisation', there is increasing interest in identifying ways in which expert systems technology may contribute to the support of organisational practices. The phase of knowledge acquisition, which is the activity within the expert systems development process that is responsible for the investigation and surfacing of knowledge and knowledge processes with the aim of incorporating them in or supporting them by an expert system, is the key to this process.
In this paper we describe the broad role of knowledge acquisition in supporting knowledge based activities in organisations. We first look at some of the key features of the knowledge acquisition process and the problems associated with current practices. We then review the context and characteristics of organisational problem solving thus setting the scene for discussing the systems as well as the methods that are required to support these tasks.
In a sense, all the different knowledge acquisition methods developed ultimately aim to provide open-ended, flexible expert systems which are organisationally sustainable products. We suggest in this paper that none seem to have achieved these aims. The questions that therefore need to be asked are: Why this is so? Is the task simply too difficult? Are there other issues that have yet to be uncovered? Is the agenda proposed for knowledge acquisition just too large? This paper contends that the enhanced and expanded set of requirements faced by knowledge acquisition in the context of organisational problem solving is both the problem and the challenge. On the one hand, it can be held responsible for the less than optimal performance of expert systems technologies in many real life situations, on the other hand, the agenda proposed here suggests an alternative approach to knowledge acquisition which is more amenable to the real world of business problem solving in knowledge intensive organisations.
The paper explores two particular aspects of this revised role for knowledge acquisition. The first is the role of knowledge acquisition in fulfilling the requirements put on business expert systems and the second is the potential of the knowledge acquisition process in facilitating organisational problem solving.
Knowledge acquisition: The process and the problems.
In building an expert system knowledge acquisition is the activity related to the identification, reification, formalisation and representation of knowledge in the system. `Knowledge' in this context generally refers to material retrieved from human experts with relation to their problem solving behaviour in the domain under study. Data related to problem solving tasks may also be retrieved from other sources (i.e. statistics, manuals, textbooks, seminars, journals etc.). Knowledge acquisition is widely viewed as a critical activity in the expert system life cycle mainly because of the role that the deliverables of the knowledge acquisition play in the performance of the system. Knowledge acquisition as a part of the expert system development life cycle is commonly seen to fall into three broad stages. The first stage corresponds to the initial orientation of the project. During this stage the `problem' (or knowledge intensive task) is selected and described. Any preliminary organisation of the project is also performed at this time. This stage may include identifying suitable experts and ensuring their co-operation, specifying the objectives and scope of the project, and setting up project management activities. The second stage encompasses the main knowledge acquisition activity; it is during this often iterative stage that the necessary knowledge is obtained. The final stage, knowledge representation, is the most technical. This is sometimes considered to be beyond the scope of knowledge acquisition and instead forms part of the subsequent stages of the expert system life cycle.
Current approaches to knowledge acquisition
The variety of methods, techniques and tools have been proposed for knowledge acquisition are a result of the observation that knowledge is of various types may require many different representational forms, that few experts respond in the same way to a given stimulus and that the nature of the task of knowledge acquisition changes as the activity progresses. The techniques vary in terms of the source of material, the mode of interaction when an expert is the source, the technique for material collection and the types of data retrieved by this process. Most knowledge acquisition techniques centre around the interaction of a specialised analyst (knowledge engineer) with a human expert in the domain of the system. This activity, (knowledge elicitation), can be complemented and, on some occasions, substituted by the retrieval of data from other, non-human sources of knowledge. In the early days of expert systems, knowledge acquisition was carried out informally and manually. Since then, an increasing number of tools have been developed to support the process. These tools vary greatly in terms of their scope, in respect to their domains of application, their mode of interaction with the user, the phases of knowledge acquisition that they support and the functionalities they provide.
Knowledge elicitation
Experts (human beings) are the primary source of material for most of the tasks approached by knowledge acquisition and therefore the process has come to rely heavily on knowledge elicitation. A main distinction can be drawn between interview based techniques (active) and observation based techniques (passive).
Interviews may be open-ended and unstructured at the start of the knowledge acquisition process and then become highly structured as the investigation examines particular aspects of the domain in greater depth. Documented interviewing techniques include case and example based elicitation, multi-dimensional scaling techniques such as the repertory grid, and teach back interviews where the knowledge engineer attempts to teach the subject back to the expert to show that it has been properly understood. Observation techniques are often followed by an analysis of the protocols obtained from them and may need to be complemented by interview based techniques to clarify points that arise in the protocols.
The relative performance of elicitation techniques is increasingly significant for knowledge acquisition. Insight into this supports the selection of the most appropriate technique in a project, based on the requirements of the situation, as well as the subsequent evaluation of the results in terms of the project objectives. To achieve these ends, the types of products delivered by various elicitation techniques have been studied by mapping these techniques against a variety of concepts; in some studies they are linked to types of knowledge, in others to task taxonomies or problem solving methods Young 1984, LaFrance 1989) . Other studies have attempted to compare the efficiency of various techniques within a given domain (Burton et al. 1987) . Selecting the most appropriate elicitation techniques is still a task lacking rigorous guidance but it is currently the focus of considerable research interest within Europe and the European Community is partially funding a number of ESPRIT 2 projects such as KEW (Shadbolt et al. 1990 ).
As research on elicitation and other knowledge acquisition techniques becomes available, there is now better evidence on how these behave when applied in a wide variety of domains and within projects differing significantly in terms of scope and objectives. The collection and study of these practical experiences is complemented by the development of different theoretical frameworks where the discussion of the effects and efficiency of the techniques is carried out in the wider context of knowledge acquisition scope and objectives. We have grouped these theoretical efforts under three headings: modelling, prototyping and computer based, each comprising of closely related theories, in a way that illustrates the differences in the perception of knowledge acquisition among them, and the subsequent differences in the way key features of knowledge acquisition methods techniques and tools are dealt by each.
Modelling
The basic assumption underlying modelling approaches to knowledge acquisition, which are also known as `top down' approaches, is that an expert's problem solving behaviour can be `described by' or fits a model. By taking this approach the common advantages of top down design, namely modularity, testability and the ability to defer design/implementation decisions are achieved. The models used are usually problem-solving-task specific but are application independent. The variations to this approach converge on the use of problem solving tasks as representational primitives. By using these primitives, such as selection, diagnosis and design, a formal description of the expert's behaviour can be obtained in a manner that relates directly to the problem at hand. The generic nature of these problem solving tasks means that the models can be easily transformed into code. Modelling approaches include KADS (Breuker and Wielinga 1989, Shadbolt and , generic tasks (Chandrasekaran 1986 (Chandrasekaran , 1989 , conceptual modelling (Musen 1988 (Musen , 1989 ) and problem-solving methods (Markus 1988 , McDermott 1988 . These methods are reviewed in more detail by Karbach et al. (1990) .
Modelling techniques guide the knowledge elicitation process and structure the knowledge that is obtained, and the three stages of knowledge acquisition can be seen to correspond to an initial identification of suitable tasks performed by the expert, task structuring to produce a model of the problem solving in the domain and detailed knowledge elicitation to populate the selected model.
The modelling approach has provided knowledge engineering with more rigorous tools for investigating the content, structure and control of human problem solving in a variety of problem domains. One of the most significant advantages of this approach is the `sense of purpose' it brings to the activity of knowledge acquisition. The objectives of each iteration in the process are clearly defined and guidance and control measures can be included easily. Poulymenakou (1990) reports that the structured approach to knowledge acquisition, as embodied by the modelling approach, has appealing features for managers of expert systems projects since it makes the process visible and controllable, and the generic character of modelling allows the transfer of the results of knowledge acquisition across applications. On the other hand, the approach requires a clear consensus on the type of problem to be tackled, and rapidly constrains the knowledge engineering architecture.
Prototyping
The second approach to knowledge acquisition can be seen as `bottom up' and corresponds closely to the prototyping approach to building expert systems in general which has been predominant in the field since the first systems were developed. Prototyping is usually initiated with only a vague or imprecise understanding of the required knowledge. Prototyping then takes this coarse definition of knowledge and processes and through successive iterations of an operational schema develops a more detailed version. At any time a paper representation or actual system may be given to the expert to evaluate and improve. This cycle is repeated until a sufficient level of performance is achieved. This, in general, also results in increasingly fine knowledge structures.
The prototyping approach to knowledge acquisition is a popular, fast, and often effective way to deliver results. Its success depends, however, on the close collaboration and commitment of an acknowledged domain expert who is willing not only to help in the project but who is also sufficiently aware of the content and boundaries of typical problem solving activities. Monitoring and controlling this approach is often extremely difficult. Prototyping lacks predefined control points and the activity often proceeds on a trial and error basis. In terms of the knowledge acquisition phase of the life cycle it implies iteration at all the stages.
Computer aided approaches
In common with many areas of information systems development, considerable interest has been shown in using computers to assist with or form the core of the task of knowledge acquisition. At the most basic level computer aided approaches may be simply automated tools that assist in the knowledge acquisition approaches outlined above. The type and degree of support varies considerably but the ambition of many computer aided approaches is to help with the direct elicitation of knowledge as well as the administration and management of the approaches (Boose 1989) . As such, these tools face similar difficulties to the approaches they aim to support.
Some knowledge acquisition tools have been developed that seem to go beyond assisting a human directed knowledge engineering process and dispense with the human knowledge engineer entirely. Boose (1989) describes tools that implement machine learning methods such as analogy and apprenticeship. They may involve rule induction from large sets of examples, learning from explanations or analyzing text or natural language. The machine learning approach at present requires a very restricted problem domain with considerable assistance from the knowledge engineer in providing `suitable' inputs to the programs. Nonetheless, significant research is underway in many centres and progress may reasonably be expected.
The context and characteristics of organisational problem solving
The knowledge acquisition approaches described above operate under a basic assumption that there exists a defined, specified and described problem or situation and that the appropriate domain expert is a priori aware of the content and structure of the solution or resolution. This emphasises two factors; firstly a uniform perception of the problem or situation, and secondly that an individual is capable of desirable intervention.
In most organisational environments, however, things are not so simple. Solving problems in organisations is a prime example of a complex, knowledge based activity. It entails taking decisions that vary enormously in their nature and impact. It goes through various phases from setting the initial requirements and objective functions to reaching the final objectives. It is influenced by a multitude of factors and it involves a variety of actors and stakeholders. Given the complexity of the situation, organisations are engaged in a continuous search for means to support and improve their knowledge based problem solving activities, and all the issues mentioned here need to be considered and investigated in the context of any realistic effort to provide support or to facilitate organisational problem solving.
Identifying the problem or setting the boundaries to the situation is one of the most important and time consuming tasks as problems rarely come `neatly packaged' (Keen and Scott-Morton 1978) . Different individuals, different groups and different business units may perceive the same situation in widely varying ways. For example, what is considered as a building varies between the accounting function valuing net assets, the staffing office trying to locate staff and the internal mail system delivering letters (Kent 1978) . The possible acquisition of a new building will have different implications, and hence cause different problems, for each of these groups. Even when some consensus exists as to the organisational perception of what the problem is, individuals responsible for resolving it may consider different courses of action to achieve `the same end' or evaluate them differently against different criteria.
The nature of managerial decision making changes according to the requirements of the problem that it is set to resolve. Different problems trigger different types of decisions and hence different methods must be used for their investigation and support. As we move from operational through tactical to strategic decision making, the data and standard procedures give way to more complex considerations of alternative contingencies and associated risks. The number of individuals with sufficient expertise and power to handle these situations is rapidly reduced and the `knowledge' required for making decisions increases rapidly when moving along this spectrum. One result is that the methods that can be used to investigate and support different types of decisions should vary accordingly. Interest lies naturally in the most complex types of decisions, where the actions of the few individuals in the organisation that are considered `expert' enough to deal with them are more and more based on their own perceptions and experiences (expertise) and less and less on simple disembodied rule following.
The context within which these `expert' actions are performed also influences the decisions made. Knowledge therefore needs to be acquired about the nature of the business in terms of both the primary and the secondary functions of the organisation, as well as its environment. There is a need to find out about products, processes and services in the organisation as well as about the conditions under which these are carried out. The structure of the organisation is also important in terms of management hierarchies and spans of control and flows of information, both formal and informal. These aspects of knowledge will provide some insight to the conditions that lead to the emergence and recognition of problems and the repercussions that any decisions taken will have on the organisation.
In the complex environment of organisational problem solving, groups and their activities have a special role. It is not realistic to imagine that individuals alone conceptualise and analyze a problem situation in its totality. It is even less realistic to expect them to possess sufficient background information to resolve the issue themselves. Group decision making also leads to shared responsibility and increases legitimacy for any resulting actions. The benefits of sharing and exchanging information, ideas and responsibility make groups very powerful decision making agents. Groups, teams and committees serve a variety of purposes in organisations as presented in Table 1 . Group decision making, however, does not come free of problems. The process is complex and difficult to monitor, support or control. The benefits in devising ways of doing so focus on avoiding group behaviour producing the type of output described by Handy as "A camel" which is "a horse put together by a committee". 10 Support for organisational problem solving
Organisational requirements for business expert systems
The characteristics and phenomena associated with problem solving in organisations have most of the attributes known to create difficulties for the knowledge acquisition process, such as unstructured knowledge with unknown boundaries and effects, a variety of experts (stakeholders) and a lot of context sensitive, informal and commonsense knowledge involved. However, knowledge acquisition is critical in developing expert systems and therefore also in determining their ultimate business potential. Difficulties related to the nature of decision making are only part of the picture. Before the benefits of the technology can be exploited, the organisational requirements placed on business expert systems must influence the course that knowledge acquisition follows.
When new business expert systems are commissioned there is often a heightened expectation of impressive improvements in business performance. Being a new technology, expert systems are often entered into as much for their contribution to a company's image or culture as to its accounts. Unlike traditional data processing applications, expert systems are often not expected to take a back office role in the organisation. The emergence of information systems with operational or strategic / competitive roles makes managers in industry and commerce expect similar leverage from their business expert systems. Managers may initiate searches for their owǹ technology saviour' which will provide a similar benefit for their own function within the enterprise without considering the business and organisational implications of doing so.
This paper argues that technical feasibility, although important, is not enough to determine whether such managerial expectations will be fulfilled (Poulymenakou 1990) . A technical feasibility study will discuss design requirements and approaches to knowledge acquisition that enable the investigation and formalisation of knowledge and tasks linked to problem solving. The objective of knowledge acquisition in this context is to produce a specification of domain knowledge and knowledge processes that can be subsequently `operationalised'. Technical considerations, however, do not deal with questions of how a particular application should be selected and what constitutes proper justification for the need to develop it. Organisational and business feasibility studies are therefore required to complement the technical study so that the picture of the viability of the project is complete.
Business feasibility requires that the application addresses a real business need and meets it with a suitable level of performance that adheres to the standards and goals of the business. Knowledge acquisition in this context will need to analyze and discuss many activities in order to determine managerial needs and problems. Furthermore business expert systems need to interact with the existing information systems of an organisation (Land et al. 1988) . At the simplest level this involves the sharing of data between knowledge based and data based applications. There are many ways that this can be performed, from intelligent database systems through to loosely coupled expert system applications requesting data from a remote database. Knowledge acquisition will therefore need to consider issues related to the existing systems, i.e. data structures, processes, design models and existing interfaces. It will also need to evaluate how the combinations of these systems may be used to advance business objectives.
Organisational feasibility deals with the issues of embedding the system into the structure of the organisation, establishing how and by whom the system is to be used, who will be responsible for its operation and maintenance and investigation of the impact the system is going to have. In this area knowledge acquisition will benefit from looking into users' skills, tasks and needs. Even a business expert system developed following open and flexible and sustainable knowledge acquisition approaches remains a hard and formal structure. Embedding this in an organisational and/or managerial environment implies overlooking the soft and informal nature of a large proportion of the activities carried out in these contexts. This contrast will remain despite efforts for more effective knowledge acquisition practices for business expert systems.
Operational information systems in an organisation point to the existence of a discipline related to systems development, i.e. methods for systems analysis and design as well as techniques and tools to support them. Many large organisations have adapted their own in house methodologies guiding their developers and users through the software development life cycle. The existence of such methods and tools should alert knowledge engineers to the fact that a culture related to system development practices probably already exists. Management will be accustomed to reviewing, monitoring, evaluating and controlling the progress of system development in a particular way. Reporting styles and content, feedback loops and quality assurance may all have been normalised within the organisation. Similarly system users will be familiar with a certain type of collaboration with systems analysts, for example, through user requirements specification activities. In each of these cases, current knowledge acquisition practices may prove alien and obtrusive and the imposition of knowledge acquisition practices will not be warmly received within and outside the project team.
Knowledge acquisition to facilitate organisational problem solving
In the section above this paper has outlined the requirements that organisations place upon the knowledge acquisition task when it is carried out within the framework of developing a system designated to support managerial and administrative problem solving. In many cases of organisational decision making, the benefits of introducing any system hard-wired to the processes are outshadowed by the problems created by its existence. Having said this, any support to improve performance that is offered by old and new technologies alike is welcomed, provided that it does not clash with existing managerial decision making practices.
There is, however, another dimension to consider. The increasing complexity of the nature and context of organisational problem solving urges organisations to consider new enabling mechanisms to help them manage their efforts. The objectives that underlie this quest are the development of more effective practices, an improvement in understanding of the nature of managerial tasks and support in the development of strategy. Techniques such as expert systems that are highly structured, narrowly focused and thinly spread across a managerial domain do not in general serve these ends.
Knowledge acquisition performed exclusively in the context of developing an expert system will sooner or later resort to the reductionist, rationalist approach required in order to transform knowledge into an operational structure (Winograd and Flores 1986) . The collective endeavour underlying the process described here cannot be accommodated in such a structure. Consider, for example, the difficulty in representing in a system the implications of obtaining feedback on a report or an action. An effort to do so requires the incorporation of cultural, contextual, situational and organisational evidence. Therefore, before knowledge acquisition assumes a facilitator's role in organisational problem solving, we need to set the requirements that knowledge acquisition needs to fulfill in this context. To achieve these objectives techniques are needed that are able to adapt to the requirements of the environment of investigation as different organisations or units within them develop different cultures and styles of performance. The techniques used would need to allow the elicitation and examination of a large variety of factors that may affect the way people deal with problems in an organisational context. Finally, the techniques used to investigate and support organisational problem solving need to direct the analysis towards a deep search, behind occurrences and phenomena, and towards causes, effects and impacts of actions (Suchman 1987) . Sir Geoffrey Vickers (1973) summarises these arguments by saying: "I hope not for greater efficiency in our problem-solving, but for better understanding in our problem-setting".
Our understanding is that managers base their decision making performance on a complex web of acquired abilities: perceiving and recognising patterns, dealing with abstraction, coping with uncertainty, adapting to change, learning from experience, assessing situations and most of all dealing with people. Knowledge acquisition should start off by examining the hows, whats and whys of this performance, by putting it in the context of organisational problem solving on the one side and that of available methods and tools for investigating knowledge processes on the other.
The following agenda of requirements may be suitable for this area.
Enablers for problem visualisation:
Clarifying what is the problem is a difficulty people face up front in organisations. The objective is then to make problems more explicit by eliciting and creating representations of them. Hence, information related to a problem situation is made commonly available, the views of multiple sources can be reflected in an explicit manner and progress in dealing with the problem can be monitored. Decision taping methods such as the ones discussed in Poulymenakou et al. (1990) can be used here. Once the problem is perceived, these representations can also serve as stores of knowledge and experience, documenting past problems and solving cases for future reference (Checkland 1981 , Rosenhead 1989 ).
Knowledge representation: Solutions to problems are only as good as the knowledge of those who provide them. Knowledge in organisations is distributed among many agents and on many occasions it is not readily available when and where a problem occurs. Problem solving is often a time critical activity and managers do not have the time to go around and consult people about their experiences as the need occurs. Knowledge acquisition might provide means for incorporating knowledge available in different parts of organisations, thus providing the managers with different perceptions of the issues they are considering.
Framework for negotiation:
The perceptions of a problem by individuals in group decision making are seldom uniform in depth and breadth. Apart from differences in knowledge and experience, there are also the different needs and requirements of people when they deal with a problem. Suppressing or abolishing this conflict may simply postpone the resolution of the real problem and provide less than optimal interim solutions. Knowledge acquisition may help here by making the differences clear and explicit, and by tracing some of the reasons behind them. One can suggest here the use of many knowledge acquisition tools currently available; two candidate tools are discussed in the next section. Diagrammatic investigation methods such as repertory grids can also be used, not for encoding knowledge, but for introducing different perceptions of it.
Problem solving support agents:
The techniques employed by knowledge acquisition could be used for more than merely tracing down and supporting the reproduction of problem solving procedures. The process of problem solving itself can be put under examination and knowledge acquisition can be used to reveal opportunities for improvement. This may be achieved by helping experts refer back to their own experiences through critical incident interviews, by holding investigative discussions or compiling and using an inventory of past cases. Thus, instead of using knowledge acquisition `to build a system to solve the problem', it may be that knowledge acquisition can support the cognitive development of the people who deal with the problem.
Knowledge acquisition techniques to investigate organisational problem solving
The agenda presented above puts knowledge acquisition in a broader context. This seems an appropriate starting point since the considerations of these methods covers, at least in part, the first, second and fourth points on the requirements agenda.
Following Hoffman (1987) investigation of decision making practices may start by looking at the environment in which decisions are taken. This can be done by observing decision makers in the course of a working day, taking notes on major activities, interacting with other people, consulting documents and by recording the constraints encountered and the time taken to reach a decision. This type of observation is good as a familiarisation exercise with the organisational environment but it leaves the analyst in the dark about the factors, alternatives and processes in decision making.
After the initial observations, analysis can turn to the consideration of the important features of decisions. A possible way for doing so is to discuss with the decision maker the scenario of a case where the information available or the nature of the problem or the features of the solution, are restricted. Then, as the interviewee is trying to deal with the case, priorities and alternatives considered can be isolated. One way of doing this is to make use of the Analytic Hierarchy Process as described by Liebowitz (1989) . Similarly, data from a problem already tackled may be used to prompt discussion on what makes a `common' or `unusual' case and what decision making strategies would fit each of them. Such simulated scenarios could take the form of a critical incident interview whereby revisiting difficult or exceptional cases can help to reveal effective courses of action and some of the reasons behind them.
Managers develop skills like these, of perceiving and recognising structures, specifically because they can help them establish similarities between current problems and previous ones and thus determine where analogous action would be beneficial. Episodic analogies can help reveal thè benchmarks' managers use when comparing two problem situations. These indicators, apart from pointing to specific courses of actions can also double as problem representation primitives. The techniques described alone work well on defining and refining various aspects of decision making by individuals. In the context of problem solving in organisations though, we have proposed that groups have an important role to play. Group decisions are the result of a necessity, for example if a case is too difficult for an individual to tackle and also of convention if a decision is regarded as being too critical to be left in the hands of a single person, which is often the case with strategic decisions. Knowledge acquisition can help group decision making in two ways. One is to create a common basis of understanding for the group members. The other is to support the exploitation of the combination of human resources that exists in a group.
For the first objective, a relevant technique might involve the comparison of conceptual structures of different individuals. Shaw and Gaines (1989) , who have worked on this, have described four possibilities in the use of concepts and terms as referred to by different people. People may use the same term to describe different concepts, different terms to describe the same concept, the same terms for the same concept or different terms for different concepts. Eliciting and recognising which of the four cases is true in a particular situation will form a basis for resolving potential conflicts that refer to mere terminological disagreements. One step further, the technique can be used to create a rich framework for examining a particular problem situation. Brainstorming and cognitive mapping techniques are proposed here as a suitable investigation technique.
The second objective of knowledge acquisition in group decision making picks up the situation where the first leaves it. After the comparison of conceptual structures, other techniques can be used to follow up. Consensus decision making, for example, shifts the focus from the quantity of answers collected to their relative quality for the problem at hand (McGraw and HarbissonBriggs 1989) . All alternatives are judged in terms of their advantages and disadvantages, weighted and measured by every person in the group.
Finally, a significant contribution of knowledge acquisition in organisational problem solving could prove to be that of using the multi-technique tools that have been developed for the support of the knowledge acquisition process. These tools incorporate diagrammatic techniques that can prove valuable for the representation and visualisation of problems, as well as for the investigation of different scenarios. One of the most sophisticated tools available is AQUINAS , the product of long research in the area. The tool uses repertory grids, which are tables of problem characteristics mapped against solutions, to represent peoples' perceptions of a problem domain. The characteristics used can be observations, preferences or constraints. Repertory grids can be used for decomposing problems, eliciting distinctions and combining uncertain information. Multiple sources can work together on the same problem using this tool.
They can select what they think of as an appropriate course of action, such as combining the evidence, considering the constraints or rating their own preferences. The developers point to a number of ways in which such a tool can be used, apart of the obvious of building an expert system. They include the facility of having a source of knowledge different than its user, the inclusion of multiple contributions to what is known about a problem, the ability to serve manỳ knowledge users', the ease of updating the stored material and the use of the tool for archiving.
Pragmatic considerations for effective knowledge acquisition
From the study of existing approaches to knowledge acquisition in the context we set here it becomes apparent that knowledge acquisition needs to work more in the `front end' (Woodward 1990) where the main issue to be addressed is what is relevant to the situation under investigation and why. This implies a knowledge acquisition process that, in addition to using the techniques described above, starts `from the beginning' of the expert system life cycle, incorporating business and organisational considerations in addition to technical ones. The arguments presented in this paper thus predicate a less restrictive approach to knowledge acquisition which expands and shifts current practices in the field towards a more interpretive activity. In doing so it will address the basis of business and organisational problems, and will allow, among other things, the development of successful, operational business expert systems.
The case is that knowledge acquisition needs to consider business issues before and in parallel with technical ones. It therefore needs to be business driven before it becomes problem or data driven. These considerations suggest that knowledge acquisition can benefit from, and should work in collaboration with, existing business analysis techniques already applied by the organisation. At the start of the knowledge acquisition activity it should look outside the project area to collect knowledge on the nature of the organisation, its mission, strategies and goals and also the situations under which problems emerge.
As knowledge acquisition shifts from techniques for `acquiring knowledge' to techniques for investigating situations' the context in which decisions are meaningful will need to be established. One such example is Constructive Interaction (Gammack and Anderson 1990) . This is a technique that understands the subjective nature of decisions, views them as a result of a consensus between participating agents and focuses on the creation of a localised common ground of understanding.
Even when an expert systems project has been initiated, knowledge acquisition needs to aim beyond producing technically sound and usable systems to systems that are acceptable and sustainable within a given organisation. This demands investigating the group processes people participate in, the goals they set and the perceptions they hold. We need also to know the role that stakeholders have in the organisation, i.e. their tasks and responsibilities. Further, this needs to be done in a manner that is compatible with existing managerial styles and contexts. A method for this approach is Human Factors (Mantei and Teorey 1989) which incorporates the estimation of people's feelings about existing systems, product acceptance analysis through feedback on demonstrations, users' task analysis, user interface tests for acceptability and product surveys. Group decision making techniques such as consensus decision making (for conflict resolution), brainstorming, nominal voting and the Delphi method (Liou et al. 1990 ) may also prove useful in this role.
A knowledge acquisition activity that is not initially coupled with a specific application can concentrate on the perceptions of current and future business needs expressed by all stakeholders and should employ investigation techniques based on principles that are already familiar to them. The different focus that knowledge acquisition has in this role suggests the use of techniques such as Decision Conferencing (Phillips 1989) and Naturalistic Knowledge Engineering (Hardiman 1989) . Since such analysis is initially application independent benefits outside the scope of building an expert system may be realised.
Finally we must realise that whilst it is true that current knowledge acquisition practices have come a long way towards maintaining consistency between what has been retrieved and what is implemented in a system, the objective too often remains to obtain and encode knowledge from text books and a single human expert. Moreover in an organisational environment neither what constitutes a problem nor what needs to be designed can be defined a priori. Knowledge acquisition we argue needs to focus more on the stage of problem identification. In the analysis of the characteristics of business decision making various stakeholders participate in and are influenced by the problem situation. In this context the identity of the experts may need to be negotiated together with the managers, users and developers who will be affected by the project. There is not only one expert and there is not one type of user (Diaper 1989 ). The combination of these different agents will affect the objectives formulated for knowledge acquisition and hence the processes followed.
Epilogue
The objective of this paper has been to introduce a different perception in terms of the role of knowledge acquisition in investigating and supporting organisational problem solving. We propose on the one hand the dissemination of practices relating to the new technology of knowledge based systems, in particular knowledge acquisition, to harness the underlying knowledge resources found in organisations, without the restrictive, hard-wired format found in expert systems. On the other hand, we argue that knowledge acquisition in the context of developing a business expert system needs to deal successfully with an expanded agenda of requirements. To this end, we propose some revisions of the current approaches to accommodate the business and organisational issues brought in to this previously technical task. Such an endeavour would not provide simple and easy answers but we believe it is a worthwhile research ambition.
